Aim-To quantify the relationship between 5-min Apgar scores and infant mortality for infants at the borderline of viability.
Introduction
When making decisions about initiating and continuing resuscitation for infants at the borderline of viability, international guidelines suggest that gestational age is the dominant feature. As a rule, resuscitation below 23 weeks gestation is considered futile and resuscitation above 25 weeks is routine (1) (2) (3) . Beyond gestational age, other prognostic features available antenatally include birth weight, gender, multiple gestations and use of antenatal steroids (4) . Nonetheless, many physicians have reported that 'how the infant looks at birth' or 'how the infant responds to resuscitation' will influence their decision to continue, or abort, resuscitative efforts after birth (5) .
Apgar scores have been traditionally used by pediatricians as a measurement of 'how an infant looks at birth' and 'how an infant responds to resuscitation' (6) . In term infants, Apgar scores have been shown to correlate with mortality, although fewer studies have evaluated the correlation between Apgar score and outcome in the earliest gestational age groups (7) . Casey et al. (8) reported an inverse correlation between mortality and Apgar scores in a large hospital-based study of infants ranging from 26 to 36 weeks More recently, using US infant birth and death certificate data from the National Center for Health Statistics, Lee et al. (9) found that lower 5-min Apgar scores were associated with greater mortality risk at gestational ages from 24 to 36 weeks. However, not all studies have shown a correlation between Apgar score and outcome. Genzel-Boroviczény et al. (10) reported in a single-center study of 234 infants born between 23 and 26 weeks that 1-min Apgar scores of 0 or 1 were associated with increased mortality, but that no clear association was seen between any 1-min Apgar score >1 and mortality risk in this gestational age group. Similarly, Singh et al. (5) in a study of 102 infants 400-750 g admitted to a single center found that 1-or 5-min Apgar scores ≤3 were not significantly associated with increased risk of mortality or Bayley MDI or PDI < 70 at 2 years of age before or after adjustment for birth weight, gestational age, gender and race.
One possible reason for the discrepancy between findings of prior studies may lie in the timing of data collection. Large data sets likely capture all infants regardless of their time of death, including those who die in the delivery room or within hours of admission to a NICU. In contrast, clinical studies may only enroll infants after admission to the NICU, or those judged likely to survive the first hours of life. The prognostic value of Apgar score may differ between these two types of enrollment criteria. Such a difference in timing may have important implications for the prognostic value of the Apgar score as applied to counselling families of extreme preterm infants, both prenatally and after admission to the NICU.
The aim of the present study was to use a large national data set to investigate more thoroughly the relationship between low 5-min Apgar scores and mortality for infants born at the borderline of viability. Recognizing that time of death varies directly with gestational age, we hypothesized that infants with lower Apgar scores may also be more likely to die earlier, and consequently correlation of Apgar scores with infant mortality would disappear within the first 24 h of life. If confirmed, this recognition would help families understand more precisely how much to expect from a physician's clinical judgment of 'how an infant looks' in the delivery room.
Patients and Methods

Study population
We performed a retrospective cohort analysis of linked birth-infant death certificate records from the 2002 US National Center for Health Statistics. We included all births of US-born infants with gestational ages 23-25 weeks; to minimize the impact of inaccurate gestational age reporting, we included only those infants with birth weights within the 3rd-97th percentile for gestational age as identified by gestational age-specific growth charts (11) . We excluded births outside of hospitals, lack of physician or midwife at delivery (as an experienced health care provider to assign Apgar scores), and births in California and Texas (these states do not report Apgar scores on birth certificates) (12) .
Variables and categorization
The primary outcome was infant mortality, defined as death within the first year of life. Timing of death was categorized, per the convention of infant death certificate files, as occurring at <24 or ≥24 h of life. Apgar score was treated as an interval variable ranging from 0 to 9; Apgar scores of 9 and 10 were grouped together because of their low prevalence in this extremely preterm population. Potential confounders included clinical risk factors known prior to resuscitation (gestational age, birth weight, gender, singleton versus multiple births, delivery method), and maternal demographic factors that may impact decisionmaking regarding resuscitation (race, marital status, education).
Data analysis
We compared the distribution of 5-min Apgar scores and gestational age, as well as the gestational age-specific infant mortality, to other published neonatal research studies to assess the validity of using birth-certificate data at these gestational ages. We calculated the proportion of infants who died in <24 h by 5-min Apgar score at each gestational age. Next, we compared the relationship between 5-min Apgar score and infant mortality for (i) all infants in the study population and (ii) the subset of infants who survived the first 24 h of life. Chi-squared tests were used to compare differences in proportions. Finally, we generated a series of Cox proportional-hazards models to quantify the relationship between 5-min Apgar score and infant mortality for different groups: (i) all infants, Apgars 0-10; (ii) infants surviving the first 24 h, Apgars 0-10; (iii) infants 23-24 weeks, Apgars 0-10; and (iv) 23-24 week infants surviving the first 24 h, Apgars 0-10. These four models were then repeated for infants with Apgars 2-10. All analyses were conducted using STATA 11.0 or SAS 9.1.3. Statistical significance was accepted at p < 0.05.
Results
For inclusion in the study, 7132 infants were identified. Of those infants, 124 infants were missing Apgar score data. There were no statistically significant differences between infants missing Apgar scores and infants with recorded Apgar scores in gestational age, gender or race; infants delivered vaginally were somewhat more likely to be missing Apgar score on their birth certificate than infants delivered via cesarean section (2.71% versus 1.62%, p = 0.025).
Distribution of 5-min Apgar scores
Overall, low Apgar scores were common; 1203/7008 (17%) of infants had a 5-min Apgar score of 0-1, and 1825/7008 (26%) had a 5-min Apgar score of 0-3. Relationships between 5-min Apgar scores and other risk factors for infant mortality are shown in Table S1 . Statistically significant differences in the distribution of 5-min Apgar scores were seen by infants' gestational age, birth weight, method of delivery and maternal education. More than 40% of 23-week infants, 14% of 24-week infants and 7% of 25-week infants had Ap-gar scores of 0-1. Infants born via vaginal delivery had higher proportions of lower Apgar scores than infants born via cesarean section.
Infant mortality
Of the 7008 infants, 3250 (46%) died in the first year of life. Table S2 summarizes overall infant mortality for the data set. The gestational age-specific infant mortality was within 1-4% points of mortality prior to NICU discharge reported by the Neonatal Research Network: for 23 weeks, 74% versus 78%; for 24 weeks, 45% versus 47%; for 25 weeks, 28% versus 29% (13) . Higher rates of infant mortality were seen among younger gestation infants, male infants, multiples, infants born via vaginal delivery, infants born to non-Hispanic White and Hispanic mothers and infants born to married mothers.
5-min Apgar scores and timing of infant mortality
Of the 3250 non-survivors, 1553 (48%) died in <24 h. Figure S1 The relationship between 5-min Apgar score and infant mortality is depicted in Figure 1 . When all infants were included, there was a strong inverse relationship between 5-min Apgar score and mortality, ranging from 88% of infants with Apgars 0-1 to 23% of infants with Apgars of 9. However, after omitting infants who died prior to 24 h, the relationship between Apgar score and mortality became much weaker. Infants with 5-min Apgar scores of 0-1 who survived the first 24 h had paradoxically lower subsequent mortality than infants with higher Apgar scores. To assess only the infants who had <90% mortality before 24 h, infants with Apgar scores of 2-10 were considered separately; again, the range of infant mortality narrowed substantially after excluding those who died before 24 h.
A series of Cox proportional-hazards models were fitted to quantify the relationship between Apgar score and mortality, and to compare the difference in this relationship when infants who died within 24 h were excluded. Models were adjusted for gestational age, as well as other significant risk factors including birth weight, gender, plurality, delivery method, maternal race, marital status and education. Potential confounders were entered into the model in for-ward-stepwise fashion. Results are shown in Table 1 . Although the hazard of mortality for each 1-point increase in Apgar score was statistically significant in all models, the magnitude of effect was much smaller after excluding infants who died in the first 24 h of life (hazard ratio 0.82 versus 0.95). Results were nearly identical when including only infants with Apgar scores of 2-10, or including only 23-24 week infants.
Discussion
Predicting outcomes for infants in the grey zone of viability is, by definition, problematic. Even after a decision has been made to initiate resuscitative efforts, physicians and parents often want to know when to consider withdrawal of intervention for infants who remain at high risk of mortality despite successful resuscitation. We investigated how much information is available from a 5-min Apgar score. We show here that for infants born between 23 and 25 weeks gestation, a low 5-min Apgar score is highly correlated with death. This was not unexpected. We have also shown that the vast majority of these deaths occur within 1 day. This too was anticipated. However, we have demonstrated here that the ability of an Apgar score to predict death among infants born at the margin of viability is drastically decreased within 1 day of life; that is, for the population of 23-25 week gestation infants who remain alive 24 h after birth, the 5-min Apgar score loses practical prognostic power.
This finding has two potential implications. First, it offers a possible clarification for the differences in results among studies published previously on this topic: population-based assessments of the predictive utility of the Apgar score likely capture all infants born in a hospital or health care system, whereas studies based on clinical trials likely capture infants who survived long enough to be enrolled in a clinical trial. Even if infants were enrolled in the first day of life, this may have an important effect on study findings in regards to mortality.
Secondly, these findings imply that the predictive value of clinical judgments of an infant's status may have a time-limited impact. For many infants born at the limit of viability with low Apgar scores, parental preferences and/or physician discretion may limit resuscitation efforts in the delivery room or early upon admission to the NICU (1-3,14 ). However, our data suggest that both parents and physicians should be cautious using 5-min Apgar scores to make prognostic pronouncements for infants who survive the first 24 h of life.
Some limitations of our study are clear. Analysis of birth certificate -infant mortality linked data does not permit assessment of a detailed medical course or later neurodevelopmental outcome. However, Singh et al. (5) 's single-center study evaluating infants who survived long enough to be enrolled in clinical trials suggests that infants with low Apgar scores who survive to NICU discharge do not have higher degrees of morbidity than infants of the same age and weight group who had higher Apgar scores at delivery. Multi-center studies of early predictors of neonatal morbidity at the limit of viability have found similarly weak correlation between Apgar score and survivors' neuro-developmental outcome. The EPICure study of 308 surviving children ≤25 weeks did not find Apgar score to be a significant independent predictor of morbidity at 30 months adjusted age (15) . An NICHD study of 246 surviving infants <750 g and ≤24 weeks in 1993-1999 with 1-min Apgar scores <3 showed that 54% had MDI >70% and 33% had MDI >85; 64% had PDI >70 and 41% had PDI >85; this indicates a high degree of morbidity among surviving infants, but not much different than that reported for surviving infants ≤24 weeks overall in other NICHD studies (16, 17) .
Why study Apgar scores at all? The Apgar score was designed not as a predictive prognostication tool but rather a standardized first assessment of an infant's status and need for further resuscitation (6, 18) . The assignment of Apgar scores has been recognized to differ between caregivers and likely varies with physicians' opinions of the infant's chances of survival (18) . Nevertheless, no other widely available tool captures the physiologic parameters that physicians would use when evaluating a response to resuscitation (6) . A survey of several hundred US neonatologists in 2003 regarding resuscitation preferences for infants at the border of viability showed that almost half of physicians surveyed used 'how an infant looked' in the moments after delivery to help them make decisions regarding resuscitation versus comfort care (5) . Apart from Apgar scores, a prospective study showed that physicians are poorly able to predict outcome based on observation in the delivery room (19) . This present study extends the notion that the predicting outcomes for extremely preterm infants in the NICU based upon assessment in the delivery room is poorly supported by current evidence.
Another potential limitation of our study is that the data does not parse out whether resuscitation was limited at the request of either parent or physician, or whether infants died in spite of aggressive resuscitation. Cultural differences affect decision-making regarding resuscitation in this gestational age group; we have a limited ability to identify cultural differences in administrative data beyond information such as marital status, race/ethnic group and education. Details of the resuscitation are likewise unavailable in this data. Future research may be able to address these factors in a prospective study.
More broadly, the fact that an association between a risk factor (low Apgar score) and an outcome (mortality) disappears within 24 h speaks to the importance of considering time course in predicting neonatal outcomes. Many outcome studies evaluate overall mortality, or overall mortality with some degree of disability, as a function of features known at or around the time of birth (4, 13, 15) . However, many families of infants in the NICU are interested in more than merely population-based assessments -rather, they would like physicians to take into account the response of their baby to neonatal intensive care before making individualized prognostic judgments (20) . This study adds to the growing body of research directed at helping families and physicians assess the likely outcome of NICU infants, using the information that a time-limited trial of NICU intervention can provide (21) (22) (23) (24) . Apgar scores, it appears, provide very little help for infants who can survive more than 24 h. We continue to search for better prognostic features.
Key notes
Higher 5-min Apgar scores decrease the risk of infant mortality among infants 23-25 weeks' gestation. However, there is no clinically significant relationship between Apgar scores and mortality among infants surviving the first 24 h of life. Clinicians should understand the limitations of their assessment of infants in the delivery room. Results from a series of Cox proportional-hazards models to assess the relationship between 5-min Apgar score and infant mortality, including and excluding infants who died prior to 24 h of life. 'All infants' indicates all infants 23-25 weeks in the study group; 'Survived 24 h' excludes those who died prior to 24 h of life. '23-24 week infants' indicates that 25 week infants were excluded. 'Apgar 0-10'; includes each 5-min Apgar score; 'Apgar 2-10' excludes those with Apgar scores of 0 or 1. n indicates the number of infants retained in each model. 'Unadjusted' indicates the hazard of mortality without accounting for other clinical or maternal risk factors. 'Adjusted' refers to other risk factors included in the model: a) gestational age, b) gestational age, birth weight, gender, plurality, delivery method, maternal race, marital status and maternal education. All hazard ratios were statistically significant at p < 0.001 except as marked with a + , which had a p value of 0.013.
